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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  invention  relates  generally  to  the  field  of 
programmable  logic  arrays,  and  more  specifically 
to  self-timed  programmable  logic  arrays  having 
precharge  circuitry  for  precharging  minterm  and 
output  lines  prior  to  the  decoding  of  the  input 
signals  and  encoding  of  the  output  signals. 

2.  Description  of  the  Prior  Art 

Since  digital  integrated  circuits  have  been  fab- 
ricated  using  large  and  very  large  scale  integration 
("LSI"  and  "VLSI")  circuit  techniques,  program- 
mable  logic  arrays  have  become  popular  mecha- 
nisms  for  implementing  control  logic  circuits,  such 
as  state  sequencers  and  state  decoders,  as  well  as 
a  number  of  circuits  previously  implemented  using 
combinational  logic.  A  programmable  logic  array 
receives  a  plurality  of  input  signals,  and  in  re- 
sponse  to  the  pattern  of  asserted  and  negated 
input  signals,  generates  a  plurality  of  output  signals 
having  a  selected  pattern  of  asserted  and  negated 
signals.  The  encoding  of  the  input  signals,  that  is, 
the  particular  input  signals  which  are  asserted  and 
negated,  determines  the  encoding  of  the  output 
signals. 

A  programmable  logic  array  is  divided  into  two 
sections,  or  "planes",  one  functioning  as  a  decoder 
and  the  other  functioning  as  an  encoder.  The  two 
sections  are  connected  by  a  plurality  of  conduc- 
tors,  which  are  termed  "minterm"  conductors.  The 
decoder  section  receives  the  input  signals,  and, 
based  on  their  encoding,  enables  one  or  several  of 
the  minterm  conductors.  The  enabled  minterm  con- 
ductors,  in  turn,  cause  the  encoder  to  assert  or 
negate  the  output  signals  in  a  selected  pattern. 

The  circuits  comprising  the  decoder  plane  op- 
erate  to  perform  an  AND  function  to  enable  each  of 
the  minterm  conductors.  Each  AND  circuit  receives 
the  true  or  complements  of  the  selected  input 
signals.  In  response  to  a  predetermined  encoding, 
only  particular  minterm  conductors  are  selected, 
that  is,  they  have  a  different  condition  (high  or  low 
voltage  level)  than  do  the  rest. 

The  circuits  comprising  the  encoder  plane  ef- 
fectively  operate  to  perform  an  OR  function,  with 
each  output  line  being  driven  by  one  circuit  per- 
forming  the  OR  function.  The  input  signals  to  each 
OR  circuit  are  the  signals  on  the  minterm  conduc- 
tors  from  the  decoder  section.  When  a  minterm 
conductor  is  selected,  the  OR  circuits  connected  to 
that  minterm  conductor  establish  the  conditions  of 
the  output  lines. 

A  primary  benefit  of  using  a  programmable 
logic  array  is  that  the  array  typically  can  have  a 
very  regular  physical  shape  on  the  integrated  cir- 
cuit  chip.  The  input  lines  to  the  circuits  performing 

5  the  AND  function,  which  include  the  true  and/or 
complement  of  the  input  signals,  and  the  output  bit 
lines  from  the  OR  circuits  in  an  physical  implemen- 
tation  of  a  typical  VLSI  programmable  logic  array 
are  all  largely  disposed  in  parallel.  In  addition,  the 

io  minterm  conductors  are  largely  disposed  ortho- 
gonally  to  the  input  and  output  lines.  Each  AND 
circuit  is  implemented  using  a  plurality  of  transis- 
tors,  with  one  transistor  being  used  for  each  input 
signal,  or  its  complement,  which  controls  the  min- 

75  term  conductor.  Each  transistor  is  connected  be- 
tween  the  associated  minterm  conductor  and 
ground  and  controlled  by  the  signal  on  an  input  (or 
complement)  line. 

To  speed  operation  of  the  programmable  logic 
20  arrays,  the  minterm  conductors  and  the  output  bit 

lines  are  commonly  precharged,  that  is,  they  are 
placed  in  a  selected  electrical  condition,  typically  a 
high  voltage  condition  prior  to  enabling  the  AND 
and  OR  circuits  to  operate,  which  allows  the  signals 

25  to  be  generated  more  quickly.  In  the  past,  to  pre- 
vent  the  input  signals  from  affecting  the  precharge 
operation,  gates  have  been  placed  on  the  input 
lines  and  the  minterm  conductors  between  the  de- 
coder  and  encoder  sections  to  disable  transmission 

30  of  the  input  signals  onto  the  input  lines  and  trans- 
mission  of  the  signals  over  the  minterm  conductors 
from  the  decoder  section  to  the  encoder  section. 
However,  the  addition  of  the  gates  effectively  dis- 
turbs  the  regular  layout  of  the  lines  in  the  program- 

35  mable  logic  array.  In  addition,  the  additional  gates 
adds  delays  in  the  signal  paths,  which  slows  the 
operation  of  the  programmable  logic  array. 

Many  prior  art  documents  are  discussed  here- 
under. 

40  EP-A-0  174  397  describes  a  multi-level  logic 
circuit  which  includes  a  first  plurality  of  logic  cir- 
cuits  that  are  connected  in  a  cascade  arrangement. 
A  second  plurality  of  dummy  logic  circuits  also 
connected  in  cascade  arrangement  are  used  to 

45  generate  logic  pulses  for  evaluating  the  first  plural- 
ity  of  logic  circuits.  A  clock  source  provides  a 
precharged  signal  to  the  first  plurality  of  logic  cir- 
cuits  and  the  second  plurality  of  dummy  logic 
circuits  and  an  evaluation  circuit  is  used  to  com- 

50  bine  the  clock  signal  with  an  output  signal  from  the 
dummy  logic  signal  to  obtain  an  evaluation  signal 
for  evaluating  the  logic  states  of  the  first  plurality  of 
logic  circuits. 

GB-A-2  138  189  describes  a  programmed  logic 
55  array  with  auxiliary  pull-up  means  to  increase 

precharging  speed.  In  such  a  programmed  logic 
array  having  a  crosspoint  AND  plane  and  a  cros- 
spoint  OR  plane,  each  of  these  planes  has  input 

2 
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lines  and  output  lines  intersecting  at  crosspoints 
across  each  of  which  a  transistor  driver  is  con- 
nected  or  not,  depending  upon  the  details  of  the 
desired  logic  transformation  function  of  the  plane. 
Each  output  line  is  connected  to  a  separate  cloc- 
ked  pull-up  (or  precharge)  transistor  for  prechar- 
ging  that  line,  and  the  source  terminal  of  each 
driver  is  connected  to  a  clocked  pull-down  transis- 
tor  for  logic  evaluation  or  computation.  In  order  to 
reduce  the  time  needed  for  precharging,  the  source 
terminal  of  every  driver  is  connected  to  another 
clocked  pull-up  transistor. 

EP-A-0  178  437  describes  a  dynamic  CMOS 
programmable  logic  array  ,  in  which  a  clock  delay 
circuit  in  parallel  with  the  sub-circuits  belonging  to 
the  AND-level,  generates  the  clock  signal  for  the 
sub-circuits  belonging  to  the  OR-level.  The  clock 
delay  circuit  conforms  to  the  sub-circuits  belonging 
to  the  AND-level  and  is  driven  by  clock  signals  for 
that  level. 

US-A-3  959  782  describes  an  MOS  divice, 
usually  connected  to  a  power  supply  through  an 
MOS  device,  which  is  connected  so  that  load  cur- 
rent  can  be  supplied  to  the  MOS  circuit  when  it  is 
turned  on  and  leakage  current  can  be  supplied 
thereto  when  it  is  turned  off.  It  has  been  found  that 
the  recovery  time  of  such  an  arrangement  upon 
turn  off  is  substantially  longer  than  the  turn  on  time. 

An  article  entitled  "A  High  Density  Program- 
mable  Logic  Array  Chip",  Roy  A.  Wood  (IEEE 
transactions  on  computer,  volume  C-28,  1979, 
number  9)  describes  a  programmable  logic  array 
(PLA)  chip  design  using  special  array  folding  tech- 
niques  and  an  on-chip  bus  structure  has  been 
developed.  It  overcomes  the  sparseness  in  conven- 
tional  large  PLA  configurations.  The  design  is  a 
masterslice  FET  chip  personalized  for  one  particu- 
lar  application  during  processing.  Software  algo- 
rithms  are  used  to  map  conventional  PLA  formats 
into  the  new  structure.  The  techniques  used  pro- 
vide  improved  logic  function  and  performance  for 
an  FET  array  technology. 

SUMMARY  OF  THE  INVENTION 

The  invention  provides  a  new  and  improved 
programmable  logic  array  which  has  an  improved 
circuit  for  initially  precharging  the  minterm  conduc- 
tors  and  output  bit  lines  and  an  internal  timing 
circuit  for  indicating  when  the  output  signals  are 
valid  and  can  be  used.  The  timing  circuit  also 
facilitates  timing  within  the  programmable  logic  ar- 
ray  so  that  the  encoder  section  is  operative  after 
the  signal  on  the  appropriate  minterm  conductor  is 
asserted  and  valid  at  the  encoder  section. 

In  brief  summary,  the  new  programmable  logic 
array  includes  an  input  decoder  section  and  an 
output  encoder  section,  which  are  interconnected 

by  a  plurality  of  minterm  conductors,  and  an  inter- 
nal  timing  circuit.  Each  minterm  conductor  is  con- 
trolled  by  an  AND  circuit  comprising  a  plurality  of 
transistors  each  controlled,  in  turn,  by  an  input 

5  signal  or  its  complement.  Each  minterm  conductor 
also  controls  a  plurality  of  OR  circuits  in  the  en- 
coder  section,  with  each  OR  circuit  also  comprising 
a  plurality  of  transistors  each  controlling,  in  turn,  an 
output  bit  line.  Each  OR  circuit  comprises  a  plural- 

io  ity  of  transistors  each  controlling  one  output  bit 
line.  The  programmable  logic  array  also  includes  a 
circuit  for  precharging  the  minterm  conductors  and 
the  output  bit  lines.  During  the  precharge  operation, 
transistor  switches  maintain  the  transistors  com- 

15  prising  the  AND  and  OR  circuits  in  the  decoder 
and  encoder  sections  in  a  disabled  condition  to 
allow  precharge  to  be  accomplished  quickly. 

The  internal  timing  circuit  includes  two  sec- 
tions,  one  timing  the  decoder  section  and  the  other 

20  timing  the  encoder  section.  The  two  sections  are 
connected  by  a  timing  conductor.  An  enabling  sig- 
nal  is  received  which  turns  on  the  transistor  switch 
controlling  the  decoder  section,  which  switch  also 
controls  the  decoder  timing  section.  A  predeter- 

25  mined  time  later,  the  decoder  timing  section  gen- 
erates  an  enabling  signal  which  turns  on  the  tran- 
sistor  switch  which  controls  the  encoder  section, 
which  switch  also  controls  the  encoder  timing  sec- 
tion.  The  encoder  timing  section  generates  an  out- 

30  put  enabling  signal  a  predetermined  time  later  to 
enable  downstream  circuitry  to  use  the  output  sig- 
nals  from  the  programmable  logic  array. 

The  delay  between  the  receipt  of  the  enabling 
signal  and  the  generation  of  the  transmitted  en- 

35  abling  signal  by  each  timing  section  is  related  to 
the  time  required  for  the  corresponding  decoder 
and  encoder  section  to  generate  the  signals  on  the 
minterm  and  output  conductors  and  transmit  them 
to  the  succeeding  section  or  the  downstream  cir- 

40  cuitry.  The  delay  in  each  timing  section  is  gov- 
erned  by  a  resistance-capacitance  circuit  with  the 
capacitance  provided  by  a  plurality  of  parallel-con- 
nected  transistors,  the  number  of  transistors  cor- 
responding  to  the  maximum  number  of  transistors 

45  connected  to  a  minterm  conductor  or  output  bit  line 
in  the  associated  decoder  or  encoder  circuit. 

The  invention  is  directed  to  a  programmable 
logic  array  comprising  an  input  decoder  section 
and  an  output  encoder  section  connected  by  a 

50  plurality  of  minterm  conductors,  said  input  decoder 
section  selecting  a  minterm  conductor  in  response 
to  the  encoding  of  a  plurality  of  input  signals,  and 
the  output  encoder  section  transmitting  a  plurality 
of  output  signals  each  on  a  respective  output  con- 

55  ductor  and  having  an  encoding  determined  by  the 
selected  minterm  conductor, 

A.  said  input  decoder  section  including  a  plural- 
ity  of  decoder  stages  each  connected  to  a  node 

3 
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to  which  one  of  said  minterm  conductors  is 
connected,  at  least  some  of  said  decoder  stages 
including  at  least  one  control  transistor  con- 
nected  to  said  respective  node  for  controlling 
the  selection  of  said  minterm  conductors  under  5 
control  of  an  input  signal,  and  a  decoder  switch 
means  connected  to  conduct  current  from  a 
decoder  switch  node  in  response  to  a  decoder 
enabling  signal,  said  control  transistors  in  all  of 
said  decoder  stages  being  connected  to  said  10 
decoder  switch  node  so  that  current  flows 
through  said  control  transistors  and  said  de- 
coder  switch  means  in  response  to  said  decoder 
enabling  signal; 
B.  said  output  encoder  section  including  a  plu-  is 
rality  of  encoder  stages  each  connected  to  a 
node  to  which  one  of  said  output  conductors  is 
connected,  at  least  some  of  said  stages  includ- 
ing  at  least  one  control  transistor  connected  to 
said  respective  node  for  controlling  the  trans-  20 
mission  of  an  output  signal  on  said  output  con- 
ductor  in  response  to  the  selection  of  said  mint- 
ed  conductor,  and  an  encoder  switch  means 
connected  to  conduct  current  from  an  encoder 
switch  node  in  response  to  an  encoder  enabling  25 
signal,  said  control  transistors  in  said  encoder 
stages  being  connected  to  said  encoder  switch 
node  so  that  current  flows  through  said  control 
transistors  and  said  encoder  switch  means  in 
response  to  said  encoder  enabling  signal;  and  30 
C.  precharge  means  responsive  to  a  precharge 
signal  for  precharging  the  respective  nodes; 
D.  said  programmable  logic  array  further  char- 
acterized  by 

i)  a  self-timing  circuit  including  a  precharge  35 
conductor  having  a  timing  node, 

a  resistance-providing  transistor,  and  tim- 
ing  means, 
ii)  wherein  said  resistance-providing  transistor 
connects  said  decoder  switch  means  to  said  40 
precharge  conductor,  said  precharge  conduc- 
tor  connects  said  resistance-providing  transis- 
tor  to  said  encoder  switch  means  to  supply 
said  encoder  enabling  signal  to  said  encoder 
switch  means,  45 

and  said  precharge  conductor  is  connect- 
ed  to  said  precharge  means  to  precharge 
said  timing  node  to  a  selected  voltage  when 
said  respective  nodes  are  precharged, 
iii)  said  resistance-providing  transistor  is  bi-  so 
ased  to  have  an  effective  resistance  slightly 
larger  than  the  effective  resistance  of  any  one 
of  the  control  transistors,  and 
iv)  wherein  said  timing  means  is  coupled  with 
said  precharge  conductor  and  said  decoder  55 
switch  node  and  is  controlled  by  said  de- 
coder  switch  means  for  reducing  the  voltage 
on  said  precharged  timing  node  at  a  pre- 

determined  rate  determinative  of  the  time 
after  said  decoder  switch  means  receives 
said  decoder  enabling  signal  at  which  the 
encoder  enabling  signal  is  provided  to  said 
output  encoder  section,  whereby  said  decod- 
er  switch  means  controls  said  self-timing  cir- 
cuit  and  said  decoder  section. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

This  invention  is  pointed  out  with  particularity 
in  the  appended  claims.  The  above  and  further 
advantages  of  this  invention  may  be  better  under- 
stood  by  referring  to  the  following  description  taken 
in  conjunction  with  the  accompanying  drawing, 
which  depicts  a  circuit  diagram  of  a  programmable 
logic  array  constructed  in  accordance  with  the  in- 
vention. 

DETAILED  DESCRIPTION  OF  AN  ILLUSTRATIVE 
EMBODIMENT 

With  reference  to  the  drawing,  a  programmable 
logic  array  10  constructed  in  accordance  with  the 
invention  includes  a  decoder  section  12  connected 
to  an  encoder  section  14  through  a  plurality  of 
minterm  conductors  16A  through  16K.  The  decoder 
section  operates  in  response  to  DEC  INP  0  through 
DEC  INP  N  decode  input  signals  that  are  received 
on  input  lines  19A  through  19N.  Each  decode  input 
signal  DEC  INP  0  through  DEC  INP  N  represents 
the  true  or  complement  of  one  of  the  input  signals 
INP  0  through  X  (not  shown)  that  are  coupled  to 
the  programmable  logic  array  by  upstream  circuitry 
(also  not  shown),  to  enable  the  generation  of  output 
signals  OUT  0  through  OUT  M  in  response  thereto. 

The  decoder  section  12,  in  response  to  a  par- 
ticular  encoding  of  the  decode  input  signals  DEC 
INP  0  through  DEC  INP  N,  selects  the  appropriate 
minterm  conductors  16A  through  16K.  That  is,  one 
or  several  of  the  minterm  conductors  16A  through 
16K  are  selected  in  response  to  the  pattern  of 
assertions  of  the  DEC  INP  0  through  DEC  INP  N 
decode  input  signals,  which  represents  a  corre- 
sponding  pattern  of  assertions  and  negations  of  the 
associated  INP  0  through  X  input  signals  from  the 
upstream  circuitry.  As  is  often  the  case  in  a  prog- 
rammable  logic  array,  a  minterm  conductor  may  be 
selected  regardless  of  the  condition  of  one  or  more 
of  the  input  signals;  those  signals  are  termed 
"don't  care"  signals.  The  selection  of  a  minterm 
conductor  enables  the  encoder  section  to  generate 
a  plurality  of  output  signals  OUT  0  through  OUT  M 
on  output  bit  lines  20A  through  20M,  with  the 
output  signals  having  a  selected  encoding  of  as- 
serted  and  negated  signals.  The  OUT  0  through 
OUT  M  output  signals  may  be  used  for  controlling 
downstream  circuitry  (not  shown). 

4 
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The  programmable  logic  array  10  also  includes 
a  self-timing  circuit  18  which  performs  several 
functions.  First,  the  self-timing  circuit  18  disables 
both  the  decoder  section  12  and  the  encoder  sec- 
tion  14  during  a  precharge  phase  that  is  initiated 
by  a  PRECHARGE  signal  on  a  line  22.  During  the 
precharge  phase,  the  minterm  conductors  16A 
through  16K  and  output  conductors  20A  through 
20M  are  charged  to  a  high  voltage  level  for  the 
succeeding  phases.  Following  the  precharge 
phase,  in  response  to  a  DEC  ENB  decode  enable 
signal,  the  self-timing  circuit  enables  the  decoder 
section  12  to  select  appropriate  minterm  conduc- 
tors  16A  through  16K  in  response  to  the  DEC  INP 
0  through  N  decode  input  signals.  During  this  time 
the  self-timing  circuit  18  maintains  the  encoder 
section  14  in  a  disabled  condition. 

After  the  minterm  conductors  have  been  se- 
lected  and  the  appropriate  signals  have  been  trans- 
mitted  to  the  encoder  section  14  and  allowed  to 
settle,  the  self-timing  circuit  18  generates  an  ENC 
ENB  encode  enable  signal  on  a  line  23A  which 
enables  the  encoder  section  14  to  energize  se- 
lected  output  bit  lines  20A  through  20M,  as  deter- 
mined  by  the  minterm  conductor  that  is  selected, 
to  generate  a  pattern  of  the  OUT  0  through  OUT  M 
output  signals.  Finally,  the  self-timing  circuit  18 
generates  an  OUT  ENB  output  enable  signal  on  a 
line  23B  which  is  transmitted  to  circuitry  (not 
shown)  which  is  to  use  the  OUT  0  through  OUT  M 
output  signals  to  indicated  that  those  output  signals 
are  then  valid  and  can  be  used. 

Each  of  the  minterm  conductors  16A  through 
16K  and  each  of  the  output  bit  lines  20A  through 
20M  is  precharged  through  an  associated 
precharge  buffer  circuit  22A  through  22K,  for  the 
minterm  conductors,  and  24A  through  24M,  for  the 
output  bit  lines.  Precharge  buffer  circuits  26A  and 
26B  are  also  provided  to  precharge  lines  23A  and 
23B  in  the  self-timing  circuit  18.  The  precharge 
buffer  circuits  are  actuated  in  response  to  a 
PRECHARGE  precharge  enabling  signal  to 
precharge  the  lines  23  and  the  input  to  the  inverter 
58  in  the  self-timing  circuit  18.  Since  each  of  the 
precharge  buffer  circuits  is  identical,  only 
precharge  buffer  circuit  26A  will  be  described  in 
detail. 

Preliminarily,  during  the  precharge  phase,  the 
DEC  ENB  decode  enable  signal  and  the  ENC  ENB 
encode  enable  signal  are  both  negated,  which  turns 
off  transistors  28  and  30.  Transistors  28  and  30  are 
operable  during  the  decode  and  encode  phases  to 
enable  the  decode  section  12  and  encode  section 
14,  respectively,  as  described  below.  Since  the 
PRECHARGE  signal  is  initially  negated  prior  to  the 
precharge  phase,  a  transistor  32  in  precharge  buff- 
er  circuit  26A  is  turned  off.  When  the  PRECHARGE 
signal  is  asserted,  the  transistor  32  is  turned  on, 

allowing  current  to  flow  from  the  power  supply  Vdd 
to  the  node  A  in  the  self-timing  circuit  18.  The 
charging  of  node  A  serves  to  charge  the  drain 
capacitances  associated  with  a  plurality  of  transis- 

5  tors  33A  through  33I  that  are  connected  to  node  A. 
The  node  A  is  thus  charged  to  a  voltage  level 
approximately  that  of  the  power  supply,  less  the 
threshold  drop  of  the  transistor  32.  Similarly,  the 
charging  performed  by  precharge  buffer  circuit  26B 

io  also  serves  to  charge  the  gate  capacitances  asso- 
ciated  with  a  plurality  of  transistors  35A  through 
35J.  The  number  of  transistors  33A  through  331 
and  35A  through  35J  is  selected  as  described 
below. 

is  At  the  end  of  the  precharge  phase,  the 
PRECHARGE  signal  is  negated,  thereby  switching 
off  the  transistor  32.  The  precharge  buffer  circuit 
26A  includes  a  direct  unswitched  path  between 
node  A  and  the  power  supply  through  a  load  tran- 

20  sistor  34  and  a  depletion  mode  transistor  36.  Tran- 
sistor  36  provides  a  weak  static  pull-up  for  node  A 
to  prevent  leakage  from  node  A  from  degrading  the 
voltage  level  of  node  A  after  the  precharge  phase 
has  been  completed  and  prior  to  the  commence- 

25  ment  of  the  succeeding  phases  of  operation  of  the 
programmable  logic  array.  Load  transistor  34  op- 
erates  essentially  as  a  load  resistor,  and  also  pro- 
vides  a  threshold  voltage  drop  between  its  gate 
and  source  terminals.  The  voltage  drop  ensures 

30  that  the  the  voltage  level  of  node  A  at  most 
reaches  the  voltage  level  of  the  power  supply  Vdd 
less  the  voltage  drop  between  the  gate  and  source 
terminals  of  transistor  34.  This  improves  the  speed 
of  operation  of  the  circuit  during  the  succeeding 

35  phases  of  operation,  as  the  pull-down  devices  (for 
example,  transistor  28,  as  described  below)  only 
have  to  pull  down  from  the  lower  voltage  level,  not 
from  the  power  supply  voltage  Vdd.As  explained 
below,  however,  when  transistor  28  is  turned  on 

40  during  the  phase  after  precharge,  transistors  34 
and  36  are  unable  to  maintain  the  node  A  at  a  high 
voltage  level. 

Self-timing  circuit  18  also  includes  transistors 
38  and  40  which  are  connected  between  the  power 

45  supply  Vdd  and  the  drain  terminals  of  transistors  28 
and  30  et  nodes  B  and  C,  respectively.  During  the 
precharge  phase,  the  gates  of  transistors  38  and  40 
are  energized  by  the  PRECHARGE  signal  to  en- 
able  the  transistors  to  precharge  the  nodes  B  and 

50  C,  respectively. 
The  decoder  section  12  includes  a  plurality  of 

stages  50A  through  50K,  each  of  which  is  con- 
nected  to  and,  during  the  decode  section  evalu- 
ation  phase,  controls  one  of  the  minterm  conduc- 

55  tors  16A  through  16K.  Each  stage  is  similar,  and  so 
only  stage  50A  will  be  described  in  detail.  Stage 
50A  includes  a  plurality  of  transistors  52A  through 
52N  connected  in  parallel  between  a  node  D,  to 

5 
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which  the  precharge  buffer  circuit  22A  end  minterm 
conductor  16A  are  also  connected,  and  node  B  in 
the  self-timing  circuit  18.  Each  of  the  transistors 
52A  through  52N  is  controlled  by  one  of  the  DEC 
INP  0  through  N  decode  input  signals.  As  is  con- 
ventional,  the  transistors  in  stages  50A  through  50K 
may  not  receive  all  of  the  DEC  INP  0  through  N 
signals;  the  selection  of  the  DEC  INP  0  through  N 
signals  which  are  received  in  any  one  stage  will  be 
made  clear  below. 

Prior  to  the  decode  phase,  the  ones  of  the 
DEC  INP  0  through  DEC  INP  N  signals  which 
control  the  stage  are  applied  to  the  transistors  52A 
through  52N.  If  any  of  the  applied  DEC  INP  0 
through  signals  is  high,  the  associated  transistor 
52A  through  52N  are  in  the  enabled  condition,  but, 
since  transistor  28  is  then  off,  the  node  B  is  in  a 
high  voltage  condition,  and  so  none  of  the  transis- 
tors  is  actually  turned  on,  or  conducting.  When  the 
transistor  28  is  turned  on  in  response  to  the  DEC 
ENB  signal  during  the  decode  phase,  the  transis- 
tors  52A  through  52N  that  are  enabled  by  the 
respective  DEC  INP  signal  are  turned  on. 

If  any  of  the  transistors  52A  through  52N  are 
turned  on  during  the  decode  phase,  the  node  D  is 
discharged  to  ground  through  the  transistor  28, 
pulling  the  minterm  conductor  16A  to  a  low  voltage 
level.  The  stage  50A  thus  operates  to  perform  a 
NOR  function  in  response  to  the  DEC  INP  0 
through  N  signals  that  are  coupled  to  it,  pulling  the 
MINTERM  0  line  16A  to  a  low  voltage  condition  if 
any  of  the  DEC  INP  0  through  DEC  INP  N  decode 
input  signals  that  are  coupled  to  the  stage  are  high. 
As  is  described  in  C.  Mead  and  L.  Conway,  In- 
troduction  to  VLSI  Systems,  (Addison-Wesley, 
1980)  pp.  79-82,  by  the  appropriate  selection  of  the 
association  between  the  true  and  complement  of 
the  INP  0  through  X  signals  and  the  DEC  INP  0 
through  N  signals  that  are  coupled  to  the  stage,  the 
stage  50A  operates  to  perform  an  AND  function  on 
a  particular  encoding  of  certain  of  the  INP  0 
through  X  signals.  The  remaining  stages  50B 
through  50K  operate  similarly. 

When  the  DEC  ENB  decode  enable  signal 
turns  on  transistor  28,  node  A  in  the  self-timing 
circuit  18  also  begins  to  discharge  through  a  tran- 
sistor  54.  Transistor  54  is  biased  on  by  the  power 
supply  Vdd  through  a  load  transistor  56  and  effec- 
tively  operates  as  a  resistor  whose  resistance  de- 
pends  on  the  biasing  voltage  provided  by  transistor 
56.  The  charge  stored  in  the  capacitances  of  tran- 
sistors  33A  through  33I  discharges  through  the 
transistor  54  and  the  enabled  transistor  28,  and  the 
voltage  level  at  node  A  falls,  at  a  rate  and  with  a 
characteristic  related  to  the  multiplicative  product 
of  the  resistance  of  transistor  54  (assuming  that  the 
resistance  of  transistor  54  is  much  greater  than  the 
effective  resistance  of  transistor  28)  and  the  effec- 

tive  drain  capacitance  of  transistors  33A  through 
33I  (which  is  the  sum  of  the  drain  capacitances  of 
the  individual  transistors).  The  voltage  level  of  node 
A  decreases,  and  as  it  does,  an  inverter  58  causes 

5  the  voltage  level  of  the  ENC  ENB  signal  on  line 
23A  to  increase.  When  the  voltage  level  of  the  ENC 
ENB  encode  enable  signal  reaches  a  threshold 
level,  at  that  point  transistor  30  begins  to  turn  on. 

With  reference  again  to  the  MINTERM  0 
io  through  K  signals  on  lines  16A  through  16K,  it  will 

be  appreciated  that  the  rates  at  which  the  voltage 
levels  of  those  signals  fall  are  largely  governed  by 
the  capacitances  and  resistances  of  the  transistors 
52A  through  52N  in  stages  50A  through  50K  in  the 

is  decoder  section  12.  Assuming  that  all  of  the  tran- 
sistors  52  have  substantially  the  same  structure 
and  electrical  characteristics,  the  stage  whose  MIN- 
TERM  signal  will  be  the  slowest  to  fall  during  a 
decode  phase  will  be  the  one  with  the  largest 

20  number  of  transistors  52,  and  that  will  occur  when 
only  one  of  the  transistors  52  in  the  stage  is  turned 
on  by  a  DEC  INP  signal.  In  that  case,  the  sole 
transistor  52  which  is  turned  on  discharges  all  of 
the  electrical  charge  that  was  stored  in  the  capacit- 

25  ances  of  the  other  transistors  during  the  precharge 
phase  at  a  rate  determined  by  the  effective  resis- 
tance  of  the  one  transistor  that  is  on,  and  the  sum 
of  the  capacitances  of  the  other  transistors. 

As  mentioned  above,  the  rate  at  which  the 
30  voltage  level  of  node  A  decreases,  and  the  com- 

comitant  rate  at  which  the  voltage  level  of  the  ENC 
ENB  encode  enable  signal  increases,  is  deter- 
mined  by  the  combined  capacitance  of  the  transis- 
tors  33A  through  33I  and  the  resistance  of  transis- 

35  tor  54.  The  number  of  transistors  33A  through  33I 
is  selected  to  be  the  same  as  the  maximum  num- 
ber  of  transistors  52  in  one  of  the  stages  50  in 
decode  section  12,  and  their  physical  and  electrical 
characteristics  are  related  to  the  corresponding 

40  characteristics  of  transistors  52,  so  that  the  capaci- 
tance  at  node  A  due  to  transistors  33  is  directly 
related  to  the  capacitance  of  the  transistors  52  in 
the  stage  whose  MINTERM  signal  takes  the  long- 
est  to  drop.  In  addition,  the  transistor  54  in  self- 

45  timing  circuit  18  is  biased  to  have  an  effective 
resistance  somewhat  larger  than  the  resistance  of 
any  one  of  the  transistors  52.  Accordingly,  the  rise 
time  for  the  ENC  ENB  encode  enable  signal  on  line 
22,  that  is,  the  time  required  for  the  ENC  ENB 

50  signal  to  effectively  turn  transistor  30  on  in  self- 
timing  circuit  18,  is  related  to  the  longest  time  that 
would  be  required  for  all  of  the  MINTERM  signals 
to  fall  that  are  going  to  fall  during  the  decode 
phase,  and  for  that  MINTERM  signal  to  propagate 

55  to  the  encoder  section  14.  By  the  appropriate  se- 
lection  of  the  resistance  of  transistor  54  and  the 
drain-to-gate  capacitances  of  transistors  33A 
through  33I,  the  rise  time  for  the  ENC  ENB  encode 
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enable  signal  is  slightly  greater  than  the  longest 
time  required  for  all  of  the  MINTERM  signals  to 
propagate  to  encoder  section  14. 

The  encoder  section  14  is  also  constructed  of 
a  plurality  of  stages  60A  through  60M  each  of 
which  controls  one  of  the  output  bit  lines  20A 
through  20M.  The  stages  are  all  similar,  and  only  a 
representative  stage  60A,  which  controls  output  bit 
line  20A  will  be  described  in  detail.  Stage  60A 
includes  a  plurality  of  transistors  62A  through  62K. 
All  of  the  drain  terminals  of  transistors  62  are 
connected  to  output  bit  line  20A  to  form  a  node  E, 
and  all  of  their  source  terminals  are  connected  to 
node  C  and  controlled  by  transistor  30.  The  gates 
of  all  of  the  transistors  are  controlled  by  a  minterm 
line  16A  through  16K,  so  that  the  on  and  off  con- 
ditions  of  the  respective  transistors  62A  through 
62K  are  controlled  by  the  respective  one  of  the 
MINTERM  signals.  Depending  on  the  required  en- 
coding  of  the  OUT  0  output  signal  in  response  to 
the  MINTERM  0  through  K  signals,  some  of  tran- 
sistors  62A  through  62K  may  not  be  present;  if  the 
OUT  0  signal  is  high  in  response  to  the  assertion  of 
a  MINTERM  signal,  a  transistor  62A  through  62K  is 
not  provided  for  the  corresponding  minterm  line. 

Stage  60A  operates  in  a  manner  similar  to  the 
operation  of  stage  50A  described  above.  During 
both  the  precharge  phase  and  the  decode  phase, 
transistor  30  in  self-timing  circuit  18  is  off  and  node 
C  is  thus  floating  above  a  ground  voltage  level. 
Regardless  of  the  condition  of  the  transistors  62  in 
response  to  the  associated  MINTERM  signals,  after 
the  precharge  phase,  node  E  and  the  OUT  0  output 
signal  will  be  at  a  high  voltage  level.  Immediately 
after  the  decode  phase,  and  before  the  encode 
phase,  the  sole  MINTERM  0  through  K  signals 
which  are  at  a  high  voltage  level  enables  the  tran- 
sistors  62A  through  62K  which  are  provided.  When 
the  ENC  ENB  encode  enable  signal  turns  transistor 
30  on,  the  enabled  transistors  62A  through  62K  are 
turned  on  and  the  voltage  level  of  node  E  and  the 
OUT  0  output  signal,  which  had  been  high  due  to 
the  precharge,  will  begin  to  fall.  If  no  transistor  62 
is  present  at  that  minterm  line,  the  voltage  level  of 
the  node  E,  and  thus  of  the  OUT  0  signal  will  be 
unchanged. 

It  will  be  appreciated  that,  by  the  appropriate 
selection  of  the  connection  of  transistors  62A 
through  62K  in  each  of  stages  60A  through  60M, 
the  stages  60A  through  60M  operate  to  perform  an 
OR  operation  in  controlling  the  OUT  0  through  M 
output  signals.  A  transistor  62  is  connected  be- 
tween  nodes  E  and  C  for  any  MINTERM  signal 
which,  when  asserted,  is  to  drive  the  OUT  0  signal 
to  a  low  voltage  condition,  and  no  transistor  62  is 
provided  if  the  OUT  0  signal  is  to  remain  in  a  high 
voltage  condition. 

When  the  ENC  ENB  encode  enable  signal 
turns  transistor  30  on,  the  charge  that  had  been 
stored  in  the  drain-to-gate  capacitances  of  transis- 
tors  35A  through  35J  also  begins  to  discharge 

5  through  transistors  64  and  30.  The  rate  at  which 
this  occurs  determines  the  rate  at  which  an  OUT 
ENB  output  enable  signal  falls.  As  described  above 
in  connection  with  transistors  33A  through  33I  and 
54  and  the  ENC  ENB  encode  enable  signal  on  line 

io  23A,  by  the  appropriate  selection  of  the  number  of 
transistors  35A  through  35J,  and  their  drain 
capacitances,  and  the  effective  drain-to-source  re- 
sistance  of  transistor  64,  the  fall  time  of  the  OUT 
ENB  signal  on  line  23B  can  be  made  to  correspond 

is  to  the  fall  times  for  the  OUT  0  through  M  signals 
on  lines  20A  through  20M.  Downstream  circuitry 
(not  shown)  may  use  the  OUT  ENB  output  enable 
signal  to  determine  when  the  OUT  0  through  M 
signals  are  valid  and  can  be  used. 

20  It  will  be  appreciated  by  those  skilled  in  the  art 
that  the  programmable  logic  array  depicted  in  the 
drawing  and  described  above  avoids  the  problems 
of  the  prior  art  which  required  gates  in  the  minterm 
lines  to  enable  their  precharge,  thereby  allowing  for 

25  a  more  simplified  and  regular  layout  of  the  prog- 
rammable  logic  array  on  an  integrated  circuit  chip. 
During  the  precharge  phase,  the  transistors  28  and 
30  allow  the  nodes  B  and  C  to  effectively  float, 
allowing  the  precharge  to  occur  without  having  to 

30  gate  the  INP  0  through  INP  N  signals  and  the 
MINTERM  A  through  K  signals,  which  effectively 
reduces  the  number  of  transistors  required  in  the 
programmable  logic  array. 

The  self-timing  feature  also  reduces  the 
35  amount  of  external  control  circuitry  required,  as  it 

enables  the  decode,  encode,  end  output  phases  to 
be  effectively  initiated  in  response  to  the  one  DEC 
ENB  decode  enable  signal  which  controls  transistor 
28.  Furthermore,  by  the  self-timing  feature,  the 

40  timings  of  the  ENC  ENB  encode  enable  and  OUT 
ENB  output  enable  signals  are  closely  related  to 
the  generation  and  validity  of  the  related  MINTERM 
0  through  K  and  OUT  0  through  M  signals,  respec- 
tively. 

45 
Claims 

1.  A  programmable  logic  array  (10)  comprising  an 
input  decoder  section  (12)  and  an  output  en- 

50  coder  section  (14)  connected  by  a  plurality  of 
minterm  conductors  (16A-16K),  said  input  de- 
coder  section  selecting  a  minterm  conductor  in 
response  to  the  encoding  of  a  plurality  of  input 
signals,  and  the  output  encoder  section  trans- 

55  mitting  a  plurality  of  output  signals  each  on  a 
respective  output  conductor  (20A-20M)  and 
having  an  encoding  determined  by  the  se- 
lected  minterm  conductor, 
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A.  said  input  decoder  section  (12)  including 
a  plurality  of  decoder  stages  (50A-50K) 
each  connected  to  a  node  (D)  to  which  one 
of  said  minterm  conductors  is  connected,  at 
least  some  of  said  decoder  stages  including  5 
at  least  one  control  transistor  (52A-52N) 
connected  to  said  respective  node  for  con- 
trolling  the  selection  of  said  minterm  con- 
ductors  under  control  of  an  input  signal,  and 
a  decoder  switch  means  (28)  connected  to  10 
conduct  current  from  a  decoder  switch  node 
(B)  in  response  to  a  decoder  enabling  sig- 
nal,  said  control  transistors  in  all  of  said 
decoder  stages  being  connected  to  said 
decoder  switch  node  so  that  current  flows  is 
through  said  control  transistors  and  said  de- 
coder  switch  means  in  response  to  said 
decoder  enabling  signal; 
B.  said  output  encoder  section  (14)  includ- 
ing  a  plurality  of  encoder  stages  (60A-60M)  20 
each  connected  to  a  node  (E)  to  which  one 
of  said  output  conductors  is  connected,  at 
least  some  of  said  stages  including  at  least 
one  control  transistor  (62A-62K)  connected 
to  said  respective  node  for  controlling  the  25 
transmission  of  an  output  signal  on  said 
output  conductor  in  response  to  the  selec- 
tion  of  said  minterm  conductor,  and  an  en- 
coder  switch  means  (30)  connected  to  con- 
duct  current  from  an  encoder  switch  node  30 
(C)  in  response  to  an  encoder  enabling  sig- 
nal,  said  control  transistors  in  said  encoder 
stages  being  connected  to  said  encoder 
switch  node  so  that  current  flows  through 
said  control  transistors  and  said  encoder  35 
switch  means  in  response  to  said  encoder 
enabling  signal;  and 
C.  precharge  means  (26A,  26B)  responsive 
to  a  precharge  signal  for  precharging  the 
respective  nodes  (D,  B,  C,  E);  40 
D.  said  programmable  logic  array  further 
characterized  by 

i)  a  self-timing  circuit  (18)  including  a 
precharge  conductor  (23A)  having  a  tim- 
ing  node  (A),  a  resistance-providing  tran-  45 
sistor  (54),  and  timing  means  (54,  33A- 
33I), 
ii)  wherein  said  resistance-providing  tran- 
sistor  (54)  connects  said  decoder  switch 
means  (28)  to  said  precharge  conductor  so 
(23A),  said  precharge  conductor  con- 
nects  said  resistance-providing  transistor 
(54)  to  said  encoder  switch  means  (30) 
to  supply  said  encoder  enabling  signal  to 
said  encoder  switch  means  (30),  and  55 
said  precharge  conductor  (23A)  is  con- 
nected  to  said  precharge  means  (26A, 
26B)  to  precharge  said  timing  node  (A) 

to  a  selected  voltage  when  said  respec- 
tive  nodes  are  precharged, 
iii)  said  resistance-providing  transistor 
(54)  is  biased  to  have  an  effective  resis- 
tance  slightly  larger  than  the  effective 
resistance  of  any  one  of  the  control  tran- 
sistors  (52),  and 
iv)  wherein  said  timing  means  (54,  33A- 
33I)  is  coupled  with  said  precharge  con- 
ductor  and  said  decoder  switch  node  (B) 
and  is  controlled  by  said  decoder  switch 
means  (28)  for  reducing  the  voltage  on 
said  precharged  timing  node  (A)  at  a 
predetermined  rate  determinative  of  the 
time  after  said  decoder  switch  means 
(28)  receives  said  decoder  enabling  sig- 
nal  at  which  the  encoder  enabling  signal 
is  provided  to  said  output  encoder  sec- 
tion  (14),  whereby  said  decoder  switch 
means  (28)  controls  said  self-timing  cir- 
cuit  (18)  and  said  decoder  section  (12). 

2.  A  programmable  logic  array  as  defined  in 
claim  1,  wherein  said  self-timing  circuit  (18) 
further  includes  an  inverter  (58)  coupled  be- 
tween  said  timing  node  (A)  and  said  encoder 
switch  means  (30)  for  causing  the  voltage  level 
of  the  encoder  enabling  signal  to  increase  as 
the  voltage  on  said  timing  node  decreases, 
and  said  encoder  switch  means  (30)  comprises 
a  transistor  having  a  control  terminal  for  en- 
abling  the  flow  of  current  through  said  encoder 
switch  means  (30)  and  said  control  transistors 
(62A-62K)  in  response  to  said  encoder  en- 
abling  signal  exceeding  a  selected  threshold 
level. 

3.  A  programmable  logic  array  as  defined  in 
claim  2,  further  characterized  by  said  timing 
means  (54,  33A-33I)  further  including: 

A)  a  resistance-capacitance  circuit  (33A- 
33I)  connected  to  said  timing  node  (A),  said 
resistance-capacitance  circuit  having  a  ca- 
pacitance  value  selected  in  relation  to  the 
maximum  capacitance  value  of  the  control 
transistors  (62A-62K)  in  any  of  said  decoder 
stages,  and  including  said  resistance-pro- 
viding  transistor  (54);  and 
B)  wherein  said  precharge  means  prechar- 
ges  said  timing  node  (A)  and  said 
resistance-capacitance  circuit  (33A-33I)  pri- 
or  to  assertion  of  said  decoder  enabling 
signal,  and  during  assertion  of  said  decoder 
enabling  signal  said  resistance-capacitance 
circuit  discharges  through  said  resistance- 
providing  transistor  to  provide  an  asserted 
encoder  enabling  signal  when  said 
resistance-capacitance  circuit  has  dis- 
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charged  to  a  selected  level. 

4.  A  programmable  logic  array  as  defined  in 
claim  3,  wherein  said  resistance-capacitance 
circuit  (33A-33I)  includes  a  plurality  of  5 
capacitance-providing  transistors,  the  number 
of  said  capacitance-providing  transistors  cor- 
responding  to  the  maximum  number  of  control 
transistor  (52A-52N)  controlling  the  selection  of 
a  minterm  conductor.  10 

5.  A  programmable  logic  array  as  defined  in 
claim  1,  further  characterized  by  an  encoder 
timing  means  (35A-35J,  64)  connected  to  said 
encoder  switch  means  (30)  for  generating  an  is 
output  enabling  signal  at  a  selected  time  after 
the  assertion  of  said  encoder  enabling  signal. 

6.  A  programmable  logic  array  as  defined  in 
claim  5,  further  characterized  by  20 

A)  said  encoder  timing  means  (35A-35J, 
64)  including  an  encoder  resistance-capaci- 
tance  circuit  (35A-35J)  connected  to  an  en- 
coder  timing  node,  said  encoder  resistance- 
capacitance  circuit  having  a  capacitance  25 
value  selected  in  relation  to  the  maximum 
capacitance  value  of  the  control  transistors 
(62A-62K)  in  any  of  said  encoder  stages, 
and  encoder  resistor  means  (64)  connected 
to  said  encoder  timing  node  and  said  en-  30 
coder  switch  node  (C);  and 
B)  said  precharge  means  precharging  said 
encoder  timing  node  and  said  encoder 
resistance-capacitance  circuit  (35A-35J,  64) 
prior  to  assertion  of  said  encoder  enabling  35 
signal,  and  during  assertion  of  said  encoder 
enabling  signal  said  encoder  resistance-ca- 
pacitance  circuit  discharging  through  said 
encoder  resistor  means  (64)  to  provide  an 
asserted  output  enabling  signal  when  said  40 
encoder  resistance-capacitance  circuit  has 
discharged  to  a  selected  level. 

Patentanspruche 
45 

1.  Programmierbares  Logik-Array  (10)  mit  einem 
Eingangsdekodiererabschnitt  (12)  und  einem 
Ausgangskodiererabschnitt  (14),  die  uber  eine 
Vielzahl  von  Zwischenleitungen  (engl.:  minterm 
conductors)  (16A-16K)  miteinander  verbunden  so 
sind,  wobei  der  Eingangsdekodiererabschnitt 
als  Antwort  auf  die  Kodierung  einer  Vielzahl 
von  Eingangssignalen  eine  Zwischenleitung 
auswahlt  und  der  Ausgangskodiererabschnitt 
eine  Vielzahl  von  eine  von  der  ausgewahlten  55 
Zwischenleitung  festgelegte  Kodierung  aufwei- 
senden  Ausgangssignalen  jeweils  auf  einer  je- 
weiligen  Ausgangsleitung  (20A-20M)  sendet, 

A.  der  Eingangsdekodiererabschnitt  (12) 
eine  Vielzahl  von  Dekodiererstufen  (50A- 
50K)  enthalt,  die  jeweils  mit  einem  Knoten 
(D)  verbunden  sind,  an  den  eine  der  Zwi- 
schenleitungen  angeschlossen  ist,  wobei 
mindestens  einige  der  Dekodiererstufen 
mindestens  einen  Steuertransistor  (52A- 
52N)  enthalten,  der  mit  dem  jeweiligen  Kno- 
ten  verbunden  ist,  urn  die  Auswahl  der  Zwi- 
schenleitungen  unter  Steuerung  eines  Ein- 
gangssignales  zu  steuern,  und  eine  Deko- 
diererschalteinrichtung  (28),  die  angeschlos- 
sen  ist,  urn  als  Antwort  auf  ein  Dekodierer- 
freigabesignal  einen  Strom  von  dem  Deko- 
diererschaltknoten  (B)  zu  fuhren,  wobei  die 
Steuertransistoren  in  samtlichen  Dekodierer- 
stufen  an  den  Dekodiererschaltknoten  ange- 
schlossen  sind,  so  dal3  als  Antwort  auf  das 
Dekodiererfreigabesignal  Strom  uber  die 
Steuertransistoren  und  die  Dekodiererschalt- 
einrichtungen  flieBt; 
B.  der  Ausgangskodiererabschnitt  (14)  eine 
Vielzahl  von  Kodiererstufen  (60A-60M)  ent- 
halt,  die  jeweils  an  einen  Knoten  (E)  ange- 
schlossen  sind,  der  mit  einer  der  Ausgangs- 
leitungen  verbunden  ist,  wobei  mindestens 
einige  der  Stufen  mindestens  einen  Steuer- 
transistor  (62A-62K)  enthalten  ,  der  an  den 
jeweiligen  Knoten  angeschlossen  ist,  urn  als 
Antwort  auf  die  Auswahl  der  Zwischenlei- 
tung  die  Ubertragung  eines  Ausgangssigna- 
les  auf  der  Ausgangsleitung  zu  steuern,  und 
eine  Kodiererschalteinrichtung  (30),  die  an- 
geschlossen  ist,  urn  als  Antwort  auf  ein  Ko- 
diererfreigabesignal  Strom  von  einem  Ko- 
diererschaltknoten  (C)  zu  fuhren,  wobei  die 
Steuertransistoren  in  den  Kodiererstufen  an 
den  Kodiererschaltknoten  angeschlossen 
sind,  so  dal3  als  Antwort  auf  das  Kodierer- 
freigabesignal  Strom  uber  die  Steuertransi- 
storen  und  die  Kodiererschalteinrichtung 
flieBt;  und 
C.  eine  auf  ein  Vorladungssignal  anspre- 
chende  Vorladungseinrichtung  (26A,  26B), 
urn  die  jeweiligen  Knoten  (D,  B,  C,  E)  vorzu- 
laden; 
D.  und  das  programmierbare  Logik-Array 
gekennzeichnet  ist  durch 

i)  eine  selbstgetaktete  Schaltung  (18),  die 
einen  Vorladungsleiter  (23A)  mit  einem 
Taktknoten  (A),  einem  widerstandsbilden- 
den  Transistor  (54)  und  einer  Takteinrich- 
tung  (54,  33A-33I), 
ii)  bei  der  der  widerstandsbildende  Tran- 
sistor  (54)  die  Dekodiererschalteinrich- 
tung  (28)  an  die  Vorladungsleitung  (23A) 
anschlieBt,  und  die  Vorladungsleitung 
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den  widerstandsbildenden  Transistor  (54) 
an  die  Kodiererschalteinrichtung  (30)  an- 
schlieBt,  urn  das  Kodiererfreigabesignal 
an  die  Kodiererschalteinrichtung  (30)  zu 
liefern,  und  die  Vorladungsleitung  (23A)  5 
an  die  Vorladungseinrichtung  (26A.26B) 
angeschlossen  ist,  urn  den  Taktknoten 
(A)  an  eine  ausgewahlte  Spannung  anzu- 
schlieBen,  wenn  die  jeweiligen  Knoten 
vorgeladen  sind,  10 
iii)  der  widerstandsbildende  Transistor 
(54)  vorgespannt  ist,  urn  einen  wirksa- 
men  Widerstand  aufzuweisen,  der  etwas 
groBer  ist  als  der  wirksame  Widerstand 
irgendeiner  der  Steuertransistoren  (52),  is 
und 
iv)  bei  der  die  Takteinrichtung  (54,  33A- 
331)  an  die  Vorladungsleitung  und  den 
Dekodiererschaltknoten  (B)  gekoppelt  ist 
und  durch  die  Dekodiererschalteinrich-  20 
tung  (28)  gesteuert  wird,  urn  die  Span- 
nung  auf  dem  vorgeladenem  Taktknoten 
(A)  mit  einer  vorgegebenen  Geschwin- 
digkeit  zu  reduzieren,  bestimmt  durch 
die  Zeit  nach  der  die  Dekodiererschalt-  25 
einrichtung  (28)  das  Dekodiererfreigabe- 
signal  (28)  empfangt,  bei  der  das  Kodier- 
erfreigabesignal  an  den  Ausgangskodie- 
rerabschnitt  (14)  geliefert  wird,  wobei  die 
Dekodiererschalteinrichtung  (28)  die  30 
selbstgetaktete  Schaltung  (18)  und  den 
Dekodiererabschnitt  (12)  steuert. 

Programmierbares  Logik-Array  nach  Anspruch 
1,  bei  welchem  die  selbstgetaktete  Schaltung  35 
(18)  desweiteren  einen  zwischen  den  Taktkno- 
ten  (A)  und  die  Kodiererschalteinrichtung  (30) 
gekoppelten  Inverter  (58)  enthalt,  urn,  wenn  die 
Spannung  auf  dem  Uberwachungsknoten  sinkt, 
den  Spannungspegel  des  Kodiererfreigabesi-  40 
gnales  zu  erhohen,  und  die  Kodiererschaltein- 
richtung  (30)  einen  Transistor  mit  einem  Steu- 
eranschluB  aufweist,  urn  als  Antwort  auf  das 
einen  ausgewahlten  Schwellenpegel  uber- 
schreitende  Kodiererfreigabesignal  den  Strom-  45 
flul3  durch  die  Kodiererschalteinrichtung  (30) 
und  die  Steuertransistoren  (62A-62K)  freizuge- 
ben. 

Programmierbares  Logik-Array  nach  Anspruch  so 
2,  weiter  gekennzeichnet  durch  die  Takteinrich- 
tung  (54,  33A-33I),  die  desweiteren  enthalt: 

A)  eine  an  den  Taktknoten  angeschlossene 
Widerstands-Kapazitats-Schaltung  (33A- 
33I),  wobei  die  Widerstands-Kapazitats-  55 
Schaltung  einen  Kapazitatswert  aufweist, 
der  in  Relation  zum  maximalen  Kapazitats- 
wert  der  Steuertransistoren  (62A-62K)  in  ir- 

gendeiner  der  Dekodiererstufen  ausgewahlt 
ist,  und  den  widerstandsbildenden  Transi- 
stor  (54)  enthalt;  und 
B)  bei  der  die  Vorladungseinrichtung  den 
Taktknoten  (A)  und  die  Widerstands- 
Kapazitats-Schaltung  (33A-33I)  vor  dem  Ak- 
tivsein  des  Dekodiererfreigabesignales  vor- 
ladt  und  sich  die  Widerstands-Kapazitats- 
Schaltung  wahrend  des  Aktivseins  des  De- 
kodiererfreigabesignales  uber  den  wider- 
standsbildenden  Transistor  entladt,  urn  ein 
aktiviertes  Kodiererfreigabesignal  vorzuse- 
hen,  wenn  die  Widerstands-Kapazitats- 
Schaltung  auf  einen  ausgewahlten  Pegel 
entladen  wurde. 

4.  Programmierbares  Logik-Array  nach  Anspruch 
3,  bei  welchem  die  Widerstands-Kapazitats- 
Schaltung  (33A-33I)  eine  Vielzahl  kapazitatsbil- 
denden  Transistoren  enthalt  und  die  Anzahl 
der  kapazitatsbildenden  Transistoren  der  maxi- 
malen  Anzahl  der  die  Auswahl  der  Zwischen- 
leitungen  steuernden  Steuertransistoren  (52A- 
52N)  entspricht. 

5.  Programmierbares  Logik-Array  nach  Anspruch 
1,  weiter  gekennzeichnet  durch  eine  an  die 
Kodiererschalteinrichtung  (30)  angeschlossene 
Kodierertakteinrichtung  (35A-35J,  64),  urn  zu 
einer  ausgewahlten  Zeit  nach  dem  Aktivwer- 
den  des  Kodiererfreigabesignales  ein  Aus- 
gangsfreigabesignal  zu  erzeugen. 

6.  Programmierbares  Logik-Array  nach  Anspruch 
5,  weiter  dadurch  gekennzeichnet,  dal3: 

A)  die  Kodiereruberwachungseinrichtung 
(35A-35J,  64)  eine  an  den  Kodierertaktkno- 
ten  angeschlossene  Kodierer-Widerstands- 
Kapazitats-Schaltung  (35A-35J),  wobei  die 
Kodierer-Widerstands-Kapazitats-Schaltung 
einen  Kapazitatswert  aufweist,  der  in  Bezug 
zum  maximalen  Kapazitatswert  der  Steuer- 
transistoren  (62A-62K)  in  irgendeiner  der 
Kodiererstufen  ausgewahlt  ist,  und  eine  Ko- 
diererwiderstandseinrichtung  (64)  aufweist, 
die  mit  dem  Kodierertaktknoten  und  dem 
Kodiererschaltknoten  (C)  verbunden  ist;  und 
B)  die  Vorladungseinrichtung  vor  dem  Aktiv- 
sein  des  Kodiererfreigabesignales  den  Ko- 
dierertaktknoten  und  die  Kodierer- 
Widerstands-Kapazitats-Schaltung  (35A-35J, 
64)  vorladt,  und  wahrend  des  Aktivseins  des 
Kodiererfreigabesignales  entladt  sich  die 
Kodierer-Widerstands-Kapazitats-Schaltung 
uber  die  Kodiererwiderstandseinrichtung 
(64)  entladt,  urn  ein  aktiviertes  Ausgangs- 
freigabesignal  zu  liefern,  wenn  die  Kodierer- 
Widerstands-Kapazitats-Schaltung  auf  einen 
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ausgewahlten  Pegel  entladen  wurde. 

Revendicatlons 

1.  Matrice  logique  programmable  (10)  compre-  5 
nant  une  section  decodeur  d'entree  (12)  et  une 
section  codeur  de  sortie  (14)  reliees  par  une 
pluralite  de  conducteurs  intermediaires  (16A  a 
16K),  ladite  section  decodeur  d'entree  selec- 
tionnant  un  conducteur  intermediaire  en  repon-  10 
se  au  codage  d'une  pluralite  de  signaux  d'en- 
tree,  et  la  section  codeur  de  sortie  transmet- 
tant  une  pluralite  de  signaux  de  sortie,  chacun 
sur  un  conducteur  respectif  de  sortie  (20A  a 
20M)  et  ayant  un  codage  determine  par  le  is 
conducteur  intermediaire  selectionne, 

A.  ladite  section  decodeur  (12)  comprenant 
une  pluralite  d'etages  de  decodeur  (50A  a 
50K),  chacun  connecte  a  un  noeud  (D)  au- 
quel  un  desdits  conducteurs  intermediaires  20 
est  connecte,  au  moins  quelques  uns  des- 
dits  etages  de  decodeur  comprenant  au 
moins  un  transistor  de  commande  (52A  a 
52N)  connecte  audit  noeud  respectif  pour 
commander  la  selection  desdits  conduc-  25 
teurs  intermediaires  sous  la  commande  d'un 
signal  d'entree,  et  un  moyen  commutateur 
de  decodeur  (28)  connecte  au  courant  de 
conduite  en  provenance  d'un  noeud  de 
commutateur  de  decodeur  (B)  en  reponse  a  30 
un  signal  d'activation  de  decodeur,  lesdits 
transistors  de  commande  dans  tous  lesdits 
etages  de  decodeur  etant  connectes  audit 
noeud  de  commutateur  de  decodeur  de  fa- 
gon  a  ce  que  le  courant  s'ecoule  a  travers  35 
lesdits  transistors  de  commande  et  ledit 
moyen  commutateur  de  decodeur  en  repon- 
se  audit  signal  d'activation  de  decodeur  ; 
B.  ladite  section  codeur  de  sortie  (14)  com- 
prenant  une  pluralite  d'etages  de  codeur  40 
(60A  a  60M),  chacun  connecte  a  un  noeud 
(E)  auquel  un  desdits  conducteurs  de  sortie 
est  connecte,  au  moins  quelques  uns  des- 
dits  etages  comprenant  au  moins  un  tran- 
sistor  de  commande  (62A  a  62K)  connecte  45 
audit  noeud  respectif  pour  commander  la 
transmission  d'un  signal  de  sortie  sur  ledit 
conducteur  de  sortie  en  reponse  a  la  selec- 
tion  dudit  conducteur  intermediaire,  et  un 
moyen  commutateur  de  codeur  (30)  so 
connecte  au  courant  de  conduite  en  prove- 
nance  d'un  noeud  de  commutateur  de  co- 
deur  (C)  en  reponse  a  un  signal  d'activation 
de  codeur,  lesdits  transistors  de  commande 
dans  lesdits  etages  de  codeur  etant  connec-  55 
tes  audit  noeud  de  commutateur  de  codeur 
de  fagon  a  ce  que  le  courant  s'ecoule  a 
travers  lesdits  transistors  de  commande  et 

ledit  moyen  commutateur  de  codeur  en  re- 
ponse  audit  signal  d'activation  de  codeur  ; 
et 
C.  un  moyen  de  precharge  (26A,  26B)  sen- 
sible  a  un  signal  de  precharge  pour  pre- 
charger  les  noeuds  respectifs  (D,  B,  C,  E)  ; 
D.  ladite  matrice  logique  programmable  ca- 
racterisee  de  plus  par 

i)  un  circuit  d'auto-cadencement  (18) 
comprenant  un  conducteur  de  precharge 
(23A)  ayant  un  noeud  de  cadencement 
(A),  un  transistor  (54)  fournissant  une  re- 
sistance,  et  un  moyen  de  cadencement 
(54,  33A  a  33I), 
ii)  dans  lequel  ledit  transistor  (54)  fournis- 
sant  une  resistance  connecte  ledit 
moyen  commutateur  de  decodeur  (28) 
audit  conducteur  de  precharge  (23A),  le- 
dit  conducteur  de  precharge  connecte 
ledit  transistor  (54)  fournissant  une  resis- 
tance  audit  moyen  commutateur  de  co- 
deur  (30)  pour  fournir  ledit  signal  d'acti- 
vation  de  codeur  audit  moyen  commuta- 
teur  de  codeur  (30),  et  ledit  conducteur 
de  precharge  (23A)  est  connecte  audit 
moyen  de  precharge  (26A,  26B)  pour 
precharger  ledit  noeud  de  cadencement 
(A)  a  une  tension  selectionnee  quand 
lesdits  noeuds  respectifs  sont  prechar- 
ges, 
iii)  ledit  transistor  (54)  fournissant  une 
resistance  est  polarise  pour  avoir  une 
resistance  effective  legerement  plus 
grande  que  la  resistance  effective  d'un 
quelconque  des  transistors  de  comman- 
de  (52),  et 
iv)  dans  lequel  ledit  moyen  de  cadence- 
ment  (54,  33A  a  33I)  est  relie  audit 
conducteur  de  precharge  et  audit  noeud 
de  commutateur  de  decodeur  (B)  et  est 
commande  par  ledit  moyen  commutateur 
de  decodeur  (28)  pour  reduire  la  tension 
sur  ledit  noeud  de  cadencement  prechar- 
ge  (A)  a  une  vitesse  predetermined  de- 
terminant  le  temps  apres  lequel  ledit 
moyen  commutateur  de  decodeur  (28) 
regoit  ledit  signal  d'activation  de  deco- 
deur  auquel  le  signal  d'activation  de  co- 
deur  est  fourni  a  ladite  section  codeur  de 
sortie  (14),  ce  par  quoi  ledit  moyen  com- 
mutateur  de  decodeur  (28)  commande 
ledit  circuit  d'auto-cadencement  (18)  et 
ladite  section  decodeur  (12). 

2.  Matrice  logique  programmable  selon  la  reven- 
dication  1,  dans  laquelle  ledit  circuit  d'auto- 
cadencement  (18)  comprend  de  plus  un  inver- 
seur  (58)  relie  entre  ledit  noeud  de  cadence- 
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ment  (A)  et  ledit  moyen  commutateur  de  co- 
deur  (30)  pour  obliger  le  niveau  de  tension  du 
signal  d'activation  de  codeur  a  augmenter 
comme  la  tension  sur  ledit  noeud  de  cadence- 
ment  decrolt,  et  ledit  moyen  commutateur  de  5 
codeur  (30)  comprend  un  transistor  ayant  une 
borne  de  commande  pour  activer  le  debit  de 
courant  a  travers  ledit  moyen  commutateur  de 
codeur  (30)  et  lesdits  transistors  de  commande 
(62A  a  62K)  en  reponse  audit  signal  d'activa-  w 
tion  de  codeur  depassant  un  niveau  de  seuil 
selectionne. 

3.  Matrice  logique  programmable  selon  la  reven- 
dication  2,  caracterisee  de  plus  par  ledit  is 
moyen  de  cadencement  (54,  33A  a  331)  com- 
prenant  en  outre  : 

A)  un  circuit  resistance-capacite  (33A  a 
331)  connecte  audit  noeud  de  cadencement 
(A),  ledit  circuit  resistance-capacite  ayant  20 
une  valeur  de  capacite  selectionnee  en 
fonction  de  la  valeur  de  capacite  maximale 
des  transistors  de  commande  (62A  a  62K) 
dans  I'un  quelconque  desdits  etages  de  de- 
codeur,  et  comprenant  ledit  transistor  (54)  25 
fournissant  une  resistance  ;  et 
B)  dans  laquelle  ledit  moyen  de  precharge 
precharge  ledit  noeud  de  cadencement  (A) 
et  ledit  circuit  resistance-capacite  (33A  a 
331)  avant  I'affirmation  dudit  signal  d'activa-  30 
tion  de  decodeur,  et  pendant  I'affirmation 
dudit  signal  d'activation  de  decodeur,  ledit 
circuit  resistance-capacite  se  decharge  a 
travers  ledit  transistor  fournissant  une  resis- 
tance  pour  fournir  un  signal  d'activation  de  35 
codeur  affirme  quand  ledit  circuit 
resistance-capacite  s'est  decharge  jusqu'a 
un  niveau  selectionne. 

4.  Matrice  logique  programmable  selon  la  reven-  40 
dication  3,  dans  laquelle  ledit  circuit 
resistance-capacite  (33A  a  331)  comprend  une 
pluralite  de  transistors  fournissant  une  capaci- 
te,  le  nombre  desdits  transistors  fournissant 
une  capacite  correspondant  au  nombre  maxi-  45 
mal  de  transistors  de  commande  (52A  a  52N) 
commandant  la  selection  d'un  conducteur  in- 
termediaire. 

5.  Matrice  logique  programmable  selon  la  reven-  so 
dication  1,  caracterisee  de  plus  par  ledit 
moyen  de  cadencement  de  codeur  (35A  a  35J, 
64)  connecte  audit  moyen  commutateur  de 
codeur  (30)  pour  produire  un  signal  d'activation 
de  sortie  a  un  temps  selectionne  apres  I'affir-  55 
mation  dudit  signal  d'activation  de  codeur. 

6.  Matrice  logique  programmable  selon  la  reven- 
dication  5,  caracterisee  de  plus  par 

A)  ledit  moyen  de  cadencement  de  codeur 
(35A  a  35J,  64)  comprenant  un  circuit 
resistance-capacite  de  codeur  (35A  a  35J) 
connecte  a  un  noeud  de  cadencement  de 
codeur,  ledit  circuit  resistance-capacite  de 
codeur  ayant  une  valeur  de  capacite  choisie 
selectionnee  en  relation  a  la  valeur  de  capa- 
cite  maximale  des  transistors  de  commande 
(62A  a  62K)  dans  un  quelconque  des  eta- 
ges  de  codeur,  et  un  moyen  de  resistance 
de  codeur  (64)  connecte  audit  noeud  de 
cadencement  de  codeur  et  audit  noeud  de 
commutateur  de  codeur  (C)  ;  et 
B)  ledit  moyen  de  precharge  prechargeant 
ledit  noeud  de  cadencement  de  codeur  et 
ledit  circuit  resistance-capacite  de  codeur 
(35A  a  35J,  64)  avant  I'affirmation  dudit 
signal  d'activation  de  codeur,  et  pendant 
I'affirmation  dudit  signal  d'activation  de  co- 
deur,  ledit  circuit  resistance-capacite  de  co- 
deur  se  dechargeant  a  travers  ledit  moyen 
de  resistance  de  codeur  (64)  pour  fournir  un 
signal  d'activation  de  sortie  affirme  si  ledit 
circuit  resistance-capacite  de  codeur  s'est 
decharge  jusqu'a  un  niveau  selectionne. 
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